Abstract: If price levels are initially different across the euro area, convergence to a common level of prices would imply that inflation will be higher in countries where prices are initially low. Price level convergence thus provides a potential explanation for recent cross-country differences in European inflation, a worrisome development under the ECBs "one-size-fits-all" monetary policy. I present direct evidence on price level convergence in Europe, using a unique data set, and then investigate how much of the recent divergence of national inflation rates can be explained by price level convergence. I show that between 1990 and 1999 prices did become less dispersed in the euro area. Convergence is especially evident for traded goods, and more in the first half of the 1990s than the second half. By some measures, traded goods price dispersion across the euro area is now close to that across U.S. cities. Despite an ongoing process of convergence, deviations from the law of one price are large. Finally, I find a statistically-significant and robust negative relationship between the 1999 price level and 2000 inflation rate in Europe, and that the contribution of price level convergence to explaining inflation differentials is often quite important economically. Still, factors other than price convergence explain most of the crosscountry inflation differences.
2 Although the example is meant to be illustrative only, the numbers in Figure 2 correspond to the actual "overall" price levels that I calculate for these countries in the years displayed.
3 Figure 3 below verifies that this relationship is present in the European data used in this paper.
-2-hypothetical dynamic paths of the price level for two countries: a relatively low-price country, call it "Portugal", and a high-price country, "France". Consider the average price level for the area to be normalized at 1.0. Abstracting from the drift in prices each year, this is thus the area average price level in every year and also the long-run equilibrium (hypothetically to be reached in 2030). Clearly, if there is convergence of prices in the long run, then low-price Portugal must experience higher inflation than France, at least for some time along the transition path. There are several reasons to expect at least some price convergence in Europe. First, there might be convergence of traded goods prices. Progress toward a single market, including already-completed trade liberalization and adoption of the single currency, should narrow differences in common-currency prices across countries, at least for traded goods.
Second, increased economic integration in Europe may induce convergence of non-traded goods prices. The Balassa (1964 )-Samuelson (1964 hypothesis provides an explanation why.
Suppose that the initially low-price countries are also relatively poor countries. 3 If there is convergence of productivity levels, the initially poor / low-price countries will experience faster productivity growth compared to the wealthier, high-price countries. Assume that this convergence takes place in the traded goods sector, while productivity in the non-traded goods sector is either unchanged or is converging at a much slower rate. A rise in productivity in the traded goods sector raises output and wages in that sector, which in turn pushes up wages and 4 This is due to the assumption that labor is mobile between sectors. The absence of a price increase in the traded goods sector follows from the assumption that the law of one price holds for the traded good. For a textbook treatment of the classic model, see Obstfeld and Rogoff, (1996, ch. 4 ).
-3-hence prices in the non-traded goods sector. 4 Because convergence of productivity and living standards implies that the productivity gains are greater in the low-price countries, non-traded goods prices will be rising faster there than in countries where prices are already high.
Thus, countries with initially low prices might experience relatively high inflation following closer economic integration. This could occur through inflation of traded goods prices, non-traded goods prices, or both.
In addition to knowing whether or not prices are converging in Europe, and whether price level convergence accounts for much of the observed inflation differentials in Europe, it is also useful to know whether convergence is operating mostly through the prices of tradeables or nontradeables. If price level convergence works mostly through tradeables (and convergence is important as an explanation for inflation divergence), then part of the current divergence of inflation in the euro area may be transitory, part of a potentially-brisk transition toward a common price level in the region. However, to the extent that price level convergence occurs through the relatively gradual process of convergence of productivity and living standards, the resulting cross-country inflation differentials may be long-lived.
Two important policy implications follow from this discussion. First, the price level convergence hypothesis suggests that as the euro area widens to include Greece and, potentially, other relatively low-price countries in Eastern Europe, inflation in the new member nations could rise substantially. Second, it seems appropriate to regard the part of a country's inflation rate that is attributable to price level convergence as an inevitable by-product of increased integration.
5 These authors thus focus on explaining the cross-section of deviations from the law of one price in that year, attempting to distinguish between country (or "border") effects as in Engel and Rogers (1996) and "brand" effects, rather than on price convergence over time.
-4-Assuming we can measure this component of inflation accurately, it arguably makes sense to categorize it differently --in much the same way that central banks tend to distinguish core inflation from headline inflation in their thinking.
Despite the prominent attention that has been given to price level convergence in policymaking circles, and despite obvious links to the large academic literature on purchasing power parity, there is little empirical evidence indicating whether or not prices in Europe actually are converging. Nor, to my knowledge, has there been any quantitative work examining the importance of price level convergence as an explanation for cross-country differences in inflation. Canzoneri, Cumby, Diba, and Eudey (2000) examine the factors that give rise to longrun inflation differentials in Europe, but do not directly examine price level convergence. The closest in spirit to my paper is perhaps Cecchetti, Mark, and Sonora (2000) , who estimate halflives of deviations from PPP across U.S. cities using the aggregate consumer price index. They discuss the implications of their U.S. estimates for price level convergence in Europe. Parsley and Wei (1996) also examine the dynamic convergence of prices across U.S. cities by estimating half-lives of deviations from the law of one price.
Much of the reason for the relative lack of work in these areas is due to data limitations. Canzoneri, Cumby, Diba, and Eudey (2000) and Cecchetti, Mark, and Sonora (2000) use price index data, and so cannot make direct comparisons of price levels at any point in time. Crucini, Telmer, and Zachariadis (2000) do examine actual prices for a large sample of items in European cities, but only for 1985.
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-5-In this paper I present direct evidence on the price level convergence hypothesis, using a unique data set of prices across European cities.
6 I first show that, between 1990 and 1999, prices became less dispersed in the euro area. Convergence was especially evident for traded goods, and was stronger in the first half of the 1990s than the second half. For traded goods, measures of price dispersion have fallen more in the euro area than across U.S. cities, and by some estimates euro area prices have converged close to the U.S. level. I also show that there is evidence of convergence toward the law of one price in the euro area, but that deviations from this equilibrium remain large for many items, even tradeables. Finally, I show that price level convergence is a robust, statistically-significant factor explaining current cross-country differences in euro area inflation. However, the degree to which this factor is economically important varies from country to country, and typically other factors such as output gaps and GDP growth rates provide at least as important an explanation of inflation performance.
II. The Data
There is no ready source of data on aggregate price levels that suits the purpose of this study. Therefore, as described in the Appendix, I constructed the indexes of European price levels from actual prices of 168 goods and services in 26 cities in 18 countries. 7 The 18 countries comprise all 11 original members of the euro area, six other European nations, and Israel. The 8 Some additional information about the data is provided in Economist Intelligence Unit (1998).
-6-raw price data are collected annually in the spring by the Economist Intelligence Unit (EIU), which since 1981 has calculated cost-of-living indexes for multinational corporations that move employees around the world. The EIU survey teams are instructed to record local prices of tightly specified goods such as 1 kilogram of white bread, 1 litre of Coca-Cola, a tube of toothpaste, a pair of blue jeans, and services such as "woman's haircut and blow dry (tips included)" and rent on unfurnished apartments of 5 to 6 rooms. 8 The entire sample of goods and services is listed in Appendix To construct a price index from the raw data, I assign each of the items to one of the 12 two-digit categories comprising the European harmonized consumer price index (listed in Table   A -1), and weight prices equally within these categories. Because consumption patterns differ across countries, I use different sets of country-specific weights. The weights are listed in Appendix Table A-2. I normalize the resulting indexes to make the mean for all cities taken together equal to 1.0 each year. Thus, a price level of 0.91 for Dublin in 1995 implies that prices were 9 per cent lower there than in the average city in that year. For countries with more than one city in the sample, the national price index is constructed using a population weightedaverage of the individual city indexes.
Separately, I analyze prices of the same goods in the 14 U.S. cities that are also included 9 Atlanta, Boston, Chicago, Cleveland, Detroit, Honolulu, Houston, Los Angeles, Miami, New York, Pittsburgh, San Francisco, Seattle and Washington DC. 10 The correlation between the "overall" price index calculated under the 100% cut-off rule and the 75% cut-off rule, for example, in (1990, 1995, 1999) is (0.94, 0.91, 0.84) for the euro area cities and (0.97, 0.93, 0.96) for the U.S. cities.
-7-in the EIU survey.
9 Because the United States has long been a functioning monetary union, the results serve as a useful basis of comparison with Europe.
Missing observations and outliers
The EIU data set does not contain a price quote for every city and every good in every year. This is potentially critical, as it would be misleading to measure price level convergence using a sample of items whose composition changes substantially from one year to the next. In addition, any comparison of price dispersion within the euro area and the U.S. could be contaminated if the sample of items differs radically between the two regions.
Because of this, I use three different criteria for deciding whether or not to include an item in the sample. The first is a "100 percent cut-off rule", in which an item is included only if a price quote is recorded in every year for all 40 cities (26 European, 14 U.S.). This cut-off rule leaves us with a sample of 100 items, 86 of which are classified as "tradeables". The other two criteria are "90 percent" and "75 percent" cut-off rules. In these cases, an item is included in the sample as long as there are price quotes in every year for at least 36 cities and 30 cities, respectively. These cut-off rules produce sample sizes of 141 items (110 of which are tradeables) and 153 items (112 tradeables), respectively. I conduct the analysis on all three samples. The results are largely robust, so I mainly depict the results using the 100 and 75 percent rules.
10
Finally, for the handful of obvious typos in the data, I deleted the observation. An 11 I was fairly conservative in defining typos, as it is important not to confuse them with a large deviation from the law of one price. An extreme example of the latter comes from the category "visit of four to a nightclub (1 drink included per person)". For 1999, the price is $628.10 in Paris and $64.00 in Luxembourg, implying a very large deviation from the law of one price. The deviation is of similar size in the other years. This example gives rise to the obvious question of comparability across locations in the item being sampled. On the other hand, one might conclude (if only from introspection) that perhaps the price differential accurately reflects the relative nightlife opportunities in the two cities. 12 The price index is the one calculated using the 75% cut-off rule. The income measure is the country's per capita GDP relative to the U.S., converted into dollars at "PPP exchange rates". As described in the data appendix, this is obtained from the IMFs World Economic Outlook database. 13 This measure is appropriately taken to be a proxy for productivity in the traded goods sector. See Gust and Marquez (2000) for a detailed discussion of the estimates of productivity growth.
-8-example is for Milan, where the price of a "paperback novel" in 1990 is recorded as $0.80. In 1995 and 1999, the price appears in the data set as $9.94 and $8.97, respectively. The 1990 price in Rome is recorded as $8.77. Thus, the Milan price in 1990 is deemed to be a typo.
11

A first glimpse of the price indexes
The constructed price indexes have several interesting characteristics. First, consistent with the Balassa-Samuelson proposition, low-price countries tend to be relatively poor countries. Figure 3 depicts the relationship between the overall price index and per capita GDP, for 1999.
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In countries like Portugal, Spain, and Greece, prices are around 15 to 20% lower than average, while per capita incomes are well below European averages. This relationship is also found in data from other sources (Kravis and Lipsey (1983) , Summers and Heston (1991) ).
Second, as displayed in Figure 4 , there is a very strong, positive correlation between the change in the relative price of non-traded goods to traded goods and the growth rate of labor productivity in manufacturing. 13 For example, in the latter half of the 1990s, Ireland experienced remarkable growth in productivity, averaging 4 percent annually, and a comparatively steep rise in the price of non-tradeables relative to tradeables. The relationship depicted in Figure 4 is also -9-consistent with existing evidence from other data sources (see DeGregorio, Giovannini, and Wolf (1994) ), and is precisely the relationship predicted by the textbook two-sector model sketched in the introduction (Obstfeld and Rogoff (1996) Table 1 presents direct evidence on price convergence within the euro area and the United
III. Price Level Convergence
States. The upper panel reports the standard deviation of prices across locations, a measure of price dispersion, in three years % 1990, 1995 and 1999 % and for three different price indexes % overall (all items), traded items, and non-traded items. For robustness, a second measure of dispersion --the spread between the highest and lowest price city --is reported in the lower panel. The results in Table 1A are for the sample using the 75% cut-off rule for including series, while results for the more limited sample defined by the 100% rule are contained in Table 1B .
As seen in the first row of Table 1A , there is a slight decline in overall price dispersion over the full period within the euro area, with the standard deviation falling from 0.12 in 1990 to 0.11 in 1999. There is much stronger evidence of convergence for traded goods, especially in the -10-first half of the 1990s --a period that includes the major liberalization of trade in goods and movement of factors of production. As seen in row 2 of either the top or bottom panel, our measures of traded goods price dispersion fall by at least one-half over the 1990s. As expected, there is much more dispersion of non-tradeables prices than tradeables prices, and no evidence of convergence for non-tradeables over the decade.
14 According to the lower half of each panel in Table 1A , there is little evidence of an ongoing process of price convergence across cities in the United States. Even for tradeables, our measures of dispersion barely budged over the decade, with the standard deviation falling from 0.05 in 1990 to 0.04 in 1999 and the spread falling from 0.18 to 0.14. However, the decline in traded goods price dispersion in the euro area has brought the level of dispersion considerably closer to that in the United States: 0.06 versus 0.04 for the standard deviation and 0.25 versus 0.14 for the spread, as of 1999. In contrast, the prices of non-traded items have been less equal across the United States than the euro area, mostly due to the much greater dispersion of housing prices across U.S. cities. 15 In both regions, non-tradeables prices show little tendency to converge over time. Table 1B confirms that the convergence results just discussed are robust to choosing a 16 A sample of 18 euro area cities produces (18x17)/2 = 153 relative prices and hence deviations from the law of one price. It is purely coincidental (not to mention a point of potential confusion!) that there are also 153 items in the sample determined by the 75% cut-off rule.
-11-sample of items based on the 100 percent cut-off rule. According to Table 1B , there is evidence of price convergence in the euro area but not the United States; convergence is especially strong for traded goods, and more evident in the first half of the 1990s than the second; the level of traded goods price dispersion in the euro area is approaching that of the Unites States; and nontradeables prices are more disperse in the United States than the euro area.
The law of one price
The results above indicate that, for a weighted-average of prices of individual items, there has been a process of convergence in the euro area, at least for tradeables. However, those results potentially mask important differences in the degree of convergence across items. An item-by-item analysis of deviations from the law of one price could provide perspective on the magnitude of the remaining dispersion of those price indexes. As seen in the bottom panel of Figure 5 , deviations from the law of one price in 1999 are generally smaller in the United States than the euro area. This is true for 90 of the 153 items, but mostly for traded goods. Deviations from the law of one price in non-tradeables, displayed on the right side of the panels, are on the whole larger in the U.S. than the euro area.
Thus the analysis of deviations from the law of one price for the individual items generally echoes the convergence results for the weighted-average of prices above. The only major difference is that for non-tradeables there is more evidence of convergence toward the law of one price in the individual items than there is for the weighted-average price index.
IV. Inflation in Europe
The evidence on price convergence in the euro area implies a negative relationship between initial price levels and subsequent inflation during the 1990s. Additional evidence indicates that this relationship is also present in more recent data. The scatter plot of 18 countries in Figure 6 relates 1999 price levels (calculated using the 75% cut-off rule) to the 4-quarter 2000Q4 rate of inflation in those countries. The pattern shows that recent inflation has indeed 17 The unconditional correlation between 1999 price level and 2000Q4 inflation for the 11 original euro area countries is %0.64. The correlation with 1999 price level is negative for inflation rates throughout the year 2000 (e.g., it is -0.70 with the December 2000 rate). The 2000Q4 figure seems preferable to either a monthly rate, which is more affected by temporary blips, or the yearly rate for 2000 (given lags associated with convergence). 18 For example the correlation between the 1995 price level and the average annual inflation rate for 1996-99 is -0.50 for the 11 euro area countries. The negative correlation between 1995 price level and subsequent inflation rate appears to persist for several years --it is -0.42 for the 1999 inflation rate and -0.27 for 2000.
- capita real GDP relative to the United States (see the appendix for the data sources). Several of these variables were discussed, and depicted graphically, in section 2. The growth rate of real GDP is included in the regression to capture possible "speed-limit effects" on inflation, which may be important independent of the customary effects of the output gap, even though the two explanatory variables are highly correlated. Relative per capita GDP in 1999 is included to account for the tendency of low-price countries to be relatively poor countries, as seen in Figure   3 . I also consider openness to non-EU trade in 1999, measured as total merchandise trade (exports plus imports) with the rest of the world less total trade with other members of the -14-European Union, as a share of GDP. This variable is designed to capture relative exposure to inflation imported from abroad, either directly or through the effects of the weak euro.
As indicated in Table 2 , the correlation between current inflation and the1999 price level is negative and significant. Business cycle effects, initial income levels, and openness to non-EU trade are also important determinants of inflation. Column 1 reports the findings for the original euro area countries alone. The coefficient on the 1999 price level is -4.53, with a standard error of 0.30. Column 2 indicates that the negative correlation between current inflation and 1999 price level is also large for the full sample of 17 European countries. The business cycle and openness effects in this regression are quite similar to those in the first regression.
Column 3 reports results for an analysis of inflation excluding energy prices, for the 11 original euro area countries. The coefficient on the 1999 price level remains negative and significant. The notable differences, relative to the findings in Column 1, are the increased importance of 1999 GDP growth and per capita GDP, and the decreased importance of openness. This is just as expected: "domestic" factors like GDP growth have a relatively large effect on core inflation rates, while the "external" factors proxied by our openness measure (the weak euro, oil or other import price changes) have a relatively large effect on energy prices and hence headline inflation.
The regressions provide evidence on the economic importance of the 1999 price level in explaining current inflation divergence. The coefficient of -4.53 in column 1 implies that a country whose 1999 price level was 10 percent lower than the average would have an inflation rate in 2000Q4 about one-half percentage point higher than a country with the average 1999 price level. The magnitude is similar for the other two specifications. As indicated at the bottom of the table, the 1999 price level explains between 12 and 31 percent of the cross-country variation in inflation. 19 Romer (1993) finds a negative cross-sectional relationship between openness and inflation in a very broad sample of countries, while postulating a mechanism for this link that is much different from the one I have in mind. (Hence he uses a measure of overall trade openness, in contrast to my use of openness to non-EU trade). Among Romer's group of 18 highly developed countries, the opennessinflation relationship is insignificant (p. 883). 20 The regression residual, also a factor in the decomposition, is a negligible -0.02 for Ireland. Thus, a rough decomposition of Ireland's divergent inflation performance indicates that just under one percentage point is due to "international factors" --price level convergence and openness --that are beyond the influence of the customary tools of Irish policy. However, nearly 2 percentage points are due to conventional "national" factors (GDP growth and the output gap) that are more directly affected by domestic policy. 20 To see the importance of price level convergence in explaining inflation divergence for each European country, consider Table 3 , which displays the deviation of each country's 2000Q4 inflation rate from the area average and the amount of the deviation that is accounted for by the 21 Defection from the union of even the smallest member could be the proverbial hole in the dike.
-16-1999 price level. The latter is derived from the estimates in column 2 of Table 2 . In many cases, the price level convergence effect is quite important. For example, in the relatively poor and low-price countries of Greece, Portugal and Spain, the 1999 price level accounts for a full percentage point of the above-average inflation performance, while GDP gap and growth rate effects have a relatively small influence.
Robustness
The European Central Bank does not weight the inflation rates of each member nation equally, either in their thinking or in the formal construction of the area-wide inflation aggregate.
Although there is a rationale for the equal-weighted scheme in the regressions above, 21 it is useful to check robustness to alternative specifications. In the first column of Specification 2 of Table 4 shows that the results are robust to using the 1999 price level computed using the 100% cut-off rule instead of the 75% rule. I also looked at several specifications that add measures of productivity growth rates (labor and total factor) and consumption tax rates to the basic regression. These variables were often insignificant or of the wrong sign (e.g., the growth rate of labor or total factor productivity sometimes came in negative) and, with the exception of rendering the openness coefficient insignificant, generally had no effect on the results. A representative specification is given in column 3 of Table 4 , which includes the 1999 growth rate of labor productivity in manufacturing. The coefficient on -17-the 1999 price level is now -7.50 (0.54), while the business cycle effects are fairly similar to earlier estimates. Labor productivity growth enters positively, but with a t-statistic below unity.
Are Balassa-Samuelson effects at work?
It would be useful for policymakers to know if price level convergence, and its effects on inflation, is working mostly through traded goods prices or through the relatively gradual process of convergence of productivity, living standards, and the price of non-tradeables. The evidence presented so far sheds mixed light on the issue. The relative price of non-tradeables has risen faster in countries with higher productivity growth rates (recall Figure 4) , just as the textbook Balassa-Samuelson model predicts. Several of the high inflation countries in 2000, such as
Ireland, Portugal, and to some extent Greece, are also high-productivity growth countries (as of 1999). However, there are noteworthy exceptions to the high productivity--high inflation nexus, such as Austria and Spain, and the correlation between productivity growth and HICP inflation for 1996-1999 is -0.001. Also, measures of productivity growth do not generally enter the regression for 2000Q4 inflation positively and significantly, as indicated by Table 4 . Measures of price dispersion displayed in Table 1 indicate that from 1990 to 1999 convergence has occurred almost exclusively through traded goods prices, but according to Figure 5 the drop in absolute deviation from the law of one price was almost as large for non-tradeables as for tradeables.
The final specification of 2000Q4 inflation in Table 4 provides some additional perspective. In this regression I replace the 1999 overall price level with the non-tradeables and tradeables indexes separately. Both indexes enter negatively and significantly. The coefficient on the traded goods price index is larger in absolute value than that on the non-tradeables price index, -2.03 versus -1.40, but with a much larger standard error as well (0.31 versus 0.09). Thus, countries with low prices in 1999 for either traded goods or non-traded goods experienced higher 22 An alternative is that such a relationship is working through cross-country differences in factor endowments, as in Kravis and Lipsey (1983) .
-18-overall inflation in 2000. This suggests that price level convergence may now be occurring through both tradeables and non-tradeables, even if the latter effect is not necessarily working through measured productivity.
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Implications for expansion of the euro area?
The concern that increased economic integration in the euro area might result in higher inflation in poor and low price countries is likely to be an even greater policy concern in the future, as expansion brings full membership to Greece and, potentially, to other relatively lowprice countries such as the Czech Republic, Estonia, Hungary, Poland, and Slovenia. In Table 5 I display the price levels for Budapest, Warsaw, and Prague, calculated in the manner above using data from the same EIU sample (and HICP weights for Greece). The price levels are all well below the European average --more than 25 percent below prices in Lisbon, the least expensive of the original 11 euro area members --despite the fact that prices in these East European cities rose considerably during the 1990s. The regressions of Table 2 suggest that accession into monetary union could quickly boost inflation in these countries by at least a couple of percentage points above the area average.
V. Conclusion
Price level convergence has been put forth by prominent policymakers as a potential explanation for inflation divergence in the euro area. This paper provides evidence that there is an on-going process of price level convergence in the euro area, especially for traded goods. By some measures, traded goods price dispersion across the euro area is now close to that of U.S.
cities. In addition, it is shown that deviations from the law of one price are not much larger in -19-the euro area than they are in the United States. To the extent that the United States is a relevant benchmark, these results suggest that the scope for further price convergence among current members of the euro area may be limited. At the same time, deviations from the law of one price in both regions are large, implying some room for additional convergence going forward.
Finally, I find that price convergence has robustly contributed to observed inflation differences in the euro area, but that its importance varies from country to country and other forces explain more of the cross-country differences in inflation. # countries in sample 11 17 11 Note: heteroskedasticity-consistent standard errors are in parenthesis. Inflation variance explained by 1999 price level is the difference in the adjusted R 2 from regressions with and without this variable included. Results are for the sample using the 75% cut-off rule for including series.
-24- (1) residuals are weighted by 1999 population; (2) the 1999 price level is computed using the sample determined by the 100% cut-off rule for including series, instead of the 75% cut-off rule; (3) adds the 1999 growth rate of labor productivity in manufacturing to specification 1 of Table 2 (there is no productivity data for Luxembourg); (4) the 1999 overall price is replaced by the 1999 price levels for tradeables and non-tradeables (the 75% cut-off rule is used).
-26- Housing, Water, and Electricity (CP04) Leg 
Health (CP06)
One x-ray at doctor's office or hospital (N)
Restaurants and Hotels (CP11)
Routine check-up at general or family doctor (N) Fast food snack: hamburger and soft drink Visit to a dentist (one x-ray and one filling) (N)
Three course 
